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Construction manager/general contractor (CM/GC) is gaining momentum of use among highway 29 projects across the U.S. The primary benefits of CM/GC are risk reduction, opportunities for 30 innovation, early cost certainty, schedule optimization, and improved design quality achieved 31 through early contractor input (3, 5) . CM/GC successes, therefore, hinge upon the ability to 32 choose the most suitable contractor through the qualifications-based selection (QBS) or best 33 value (BV) procurement process. This paper provides a discussion of the CM/GC procurement 34 process, what selection tools are required in order to successfully select the most qualified 35 bidding contractor, and the opportunities and obstacles that align with QBS and BV procurement 36 and their differences. 37 To explore differences between QBS and BV procurement for CM/GC, this study 38 conducted a thorough review of literature and agency manuals, conducted a survey of completed 39 projects, and conducted interviews with managers from projects that were purposefully selected 40 from the survey dataset. The project data for this study includes 29 CM/GC highway projects, 41 13 QBS and 16 BV, completed between 2004 and 2015 . These 29 projects represent the majority 42 of federally funded CM/GC projects during this time period. 43 The findings of this paper are that while statistically significant difference in project 44 characteristics or performance was found between BV and QBS in the dataset, the reasons that 45 agencies chose each procurement method are not random and appear to coincide with the 46 CM/GC experience levels within the state. This paper will briefly introduce CM/GC as a project 47 delivery model, discuss the differing methods for procuring contracts, introduce current agency 1 CM/GC procurement policies and procedures, present the results of the data collection, and 2 finish with a discussion on how the resultant findings impact the highway construction industry. 5 In the traditional design-bid-build (D-B-B) highway delivery method, the agency retains 6 ownership of design and procures a contractor by price after design completion. In CM/GC, the 7 agency also maintains ownership of design. However, the agency procures a CM/GC early on in 8 the project to aid with design development. There are two phases to the CM/GC contract: 9 preconstruction engineering services and construction. The CM/GC is selected for 10 preconstruction services through a QBS or BV process due undeveloped nature of the design at 11 the time of selection. When the design has advanced to a point of mutual satisfaction between 12 the owner and CM/GC, the contractor and agency agree upon a price for construction. 13 To aid in price negotiation, the agency hires an Independent Cost Estimator (ICE). The 14 ICE develops an estimate to compare against the contractor price to ensure that the agency 15 receives a fair market value for their project (3). The agency uses independent estimate to aid in 16 negotiating a guaranteed maximum price (GMP) with the CM/GC. Note that this paper is using 17 the term GMP to mean the construction contract price but agency terms vary (e.g., construction 18 price, target construction price, lump sum, etc.). The contractor is initially awarded the contract 19 for preconstruction services. They are later awarded the construction contract once the design is 20 complete and a GMP is agreed upon (4). However, agencies select the contractor for both Alternatively, BV includes cost as scoring criteria in addition to the qualifications 31 proposal in the QBS selection process. BV procurement can be in the form of a one-step request 32 for proposal response (RFP) or a two-step RFQ and RFP response and review (5) . As a means to 33 further illustrate these processes, the QBS one-step selection, BV one-step selection, and BV 34 two-step selection procurement processes are shown below in Figure 1 . 35 The RFP and RFQ for the procurement models in Figure 1 request differing levels and 36 types of information. Both models require a technical proposal which includes: how the 37 contractor plans to perform the work, how the CM/GC will prequalify and select its 38 subcontractors, a preliminary schedule and/or a public relations plan, and miscellaneous 39 documents as shown above. The BV one-step statement of qualifications procurement method 40 includes an evaluation of the contractor's technical proposal in addition to proposals for the 41 construction fee, overhead and profit, general conditions also shown above (4).
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FIGURE 1 CM/GC Selection Processes (4)
Finally, the BV two-step model includes an RFQ similar to the requests of the QBS one- to respond to a RFP. The selected contractors then submit their pricing factors in response to the 7 RFP for final review and ranking in this two-step processes. The reader should also note that the 8 proposed fees included in the BV proposals are used in part as the basis for arriving at the final 9 cost of the project (4).
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The NCHRP 402 CM/GC synthesis (4) performed a content analysis of 25 projects 11 procurement documents from 17 states and found that the following were the most commonly 12 included in CM/GC proposals: past CM/GC experience, qualifications of key personnel, 
AGENCY POLICIES AND PROCEDURES
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In order to understand the current industry's use of QBS versus BV, the authors performed a 20 review of all of the CM/GC programs and CM/GC legislation in the FHWA CM/GC database (6) 21 and additional agencies known to use CM/GC. The review included DOTs from Alaska, 22 Arizona, California, Connecticut, Colorado, Florida, Idaho, Maryland, Michigan, Minnesota, 23 Oregon, Nevada, Rhode Island, Tennessee, Utah, Vermont, and Washington. As seen in Table 1,   24 eight states require a cost analysis in procurement, four allow cost as an option, and two do not 25 allow costs to be included in the pre-construction services selection. There is a tendency for states to require pricing in their CM/GC procurement. The data gathered for this paper is part of a national study on the risks and benefits of alternative 10 contracting methods for highway construction (23). This study collected data from 29 completed 11 CM/GC projects. The projects were selected from DOTs which actively engage in CM/GC.
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These agencies included Arizona, Oregon, Colorado, Nevada, Utah, and Maine. The following topics were discussed with each of the agency representatives of the projects in 3 Table 2 . One of the conclusions presented from the synthesis is that past project experience is one 5 of the aspects that has the greatest perceived impact on project quality (4). interviews within the selection process (4, 11, 15, 27, 28) . NCHRP 402, states the 10 interviews can be a formal presentation of corporate qualifications/past projects, 11 experience of key contractor personnel, project specific issues, preconstruction services 12 components, and/or an answering of pre-published questions (4). CDOT's CM/GC manual requires a pre-scoring meeting to be held to review the process 18 including project goals, scope, and specific scoring metrics and weightings (11) . 
Project Characteristics and Performance of Best Value and Qualifications-Based Selection
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To understand the opportunities and obstacles of BV and QBS, the authors reviewed the project 30 characteristics and performance of the project in the survey database. While trends in the data 31 exist, no statistical significance was found the performance criteria seen in Table 3. What   32 follows is a discussion of relationship trends and what these trends may represent. 33 Table 3 depicts that QBS is being used for projects with larger cost and slightly less 34 complex. The complexity result is counterintuitive as one would expect QBS to be used on the 35 more complex projects. The more complex the project, the more difficult it is to develop 36 accurate pricing early in the design process. Table 3 also shows that all QBS projects brought 37 the contractor in prior to 35% design completion whereas BV had 2 projects above 35% and 2 38 projects in the 60% to 90% design completion range. It would be expected that BV is used on 39 projects with a more complete design as an increase in design completeness reduces the 40 unknowns and increases the ability to accurately produce pricing for a project. Also shown in Table 3 is the award growth of projects with QBS and BV procurement. Though not statistically significant at the 95% confidence level, it is an interesting trend that BV 2 projects have greater award growth trends than QBS. As BV procurement includes price, it is 3 expected that the estimate, developed after CM/GC procurement but before GMP, would be more 4 accurate. 5 6 Best Value Opportunities and Obstacles
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The primary BV opportunity is the perceived ability to get upfront pricing, which can be carried 8 forward into the GMP negotiations. The NCHRP 402 owner and contractor interviews 9 confirmed that BV created competitive pricing, though no discussion were presented about how 10 this may equate to a more competitive GMP (4). UDOT's 2007 annual CM/GC report stated 11 pricing was important as it introduces competition and pricing which can be used in negotiations, 12 motivates the contractor to work through and "build" the job, and demonstrates to the public 13 proper use of public funds (30). However, interviews revealed that that it's difficult to hold 14 contractors to RFP prices given that assumptions can change with design progression. The most commonly stated reasons for choosing BV from the interviews concern more 40 competitive construction pricing. This paper's findings do not corroborate this perceived benefit 41 of BV. As stated, all of the interview findings concerning QBS opportunities had to do with not 17 including price and the potential negative impacts of including price in the selection process.
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The following bullets summarize these findings in more detail. away from scope, risks, and innovation for which CM/GC is often chosen for. The primary obstacle with QBS procurement is receiving a fair market price without 6 competitive bidding. This is one of the greatest challenges of CM/GC in general and specifically As discovered through agency policies, legislation presented in Table 1 It could also be postulated that the CM/GC procurement process will evolve similarly to that of 
